The method of numerical flow simulation in diesel engine spray devices channels is reviewed in the article. The efficiency of conformal mappings use for converting the flow domain to a parametric rectangle with orthogonal grid is declared and illustrated. In this method, the reduced boundary value problem for Navier-Stokes equations for velocity and pressure fields is solved in this rectangle. The numerical conformal mapping, based on Finite Element Method (FEM) is described. Boundary value problems of Laplace equations for real and imaginary component of mapping function are solved by FEM algorithm. The proposed simulation and qualitative estimation method for various configurations of the flow channel of the spray head is analyzed in the article. The influence of the angle of deflection from the axis channel sprayer nozzle on the flow velocity in the channel is described. The capacities of a software package for numerical conformal mapping are presented.
Introduction
Fuel system is an important element affecting the quality of the working process of a diesel engine. Improvement of this system allow improve the flow and fuel spraying in the cylinders to enlarge performance, cost efficiency and reduce emissions. Currently, in the calculation of the flow of the spray devices is widely used the methods of numerical experiment (Computational Fluid Dynamic -CFD). It can take the place of additional analysis approach to the methods *Corresponding author. Tel. +7 902 612 7854; fax: +8 351 267 9416. E-mail address: gunvs@susu.ac.ru and software, based on the calculation of the one-dimensional unsteady flow in pipelines and fuel balance equations with corresponding boundary conditions [1] . Methods of numerical experiments allow for a closer look at those elements of the equipment of fuel supply in which the possibility of one-dimensional approach is not enough [1 -7] .
Methods
The CFD is possible to estimate the flow rates and spray nozzles for a whole variety of structures: with the holes in the channel and cone injector nozzle. It is known that with an increase speed of stream the separation of the boundary layer is formed. It becomes substantially dependent on phase transitions and in the areas of gas at a pressure close to zero This phenomenon is close to the cavitations regime. Isolated in the vortex zones gases increase their volume, decreasing the real net area of the main stream. The check of applicability of the software ANSYS CFX [2] for the numerical calculation of the flow in the channels of the fuel injector [16] showed that the CFDsimulation gives good results, which is especially valuable for individual geometry nozzles. According to the results of this work it can be concluded that the calculations allow analyze unconventional geometry, but so far with low accuracy. In particular, the main error of the accuracy of the assessment should be considered as the field of joining separated boundary layer in the spray hole [1, 3, 10, 15] . In the most general case for hydrodynamic problems it is necessary to solve a system of four Navier-Stokes equations expressing the basic laws of conservation of mass, momentum, and energy in differential form [8, 9] .
In this paper we summarize the implementation of one of the subsystems of the simulation of such processesnumerical conformal mapping of an arbitrary simply connected region on the parametric rectangle. It is necessary to note the advantages of the proposed approach [11, 15] .
Separately solved complex accounting issues form the source region and the choice of computational models of processes. They are designed for a standard parametric area -rectangle with a wide range of proven numerical schemes. It's not necessary to transfer boundary conditions in the nodes of difference nets on the borders of a complex shape the advantages of the method of finite differences are manifested. The coordinate splitting scheme (variable direction, subincremental method, etc.) with a high degree of parallelism are applicable; different equations describing numerical model of the flow (the Navier -Stokes equations, thermal conductivity, and others.) can be solved by the best way for them, each in its own grid of high order of accuracy; it is possible to enter a specialized grid with the dramatic changes in the decision-time different areas (for example, the boundary layer at the boundary of the flow jumps up-compacting, etc.); it is convenient to perform various operations with fields calculated values (temperatures, pressures, velocities), to display various graphics systems, to differentiate, interpolate, integrate, calculate the gradients, translate into a different, etc.
The mapping function (Fig. 2) is sought in the form of a set of values of the coordinates (x, y) points of the transition region at the grid box parameter plane ( , ), so that every point with the coordinates (x, y) moves the conformal mapping at the position ( , ).On the contrary, every point with the coordinates ( , ) goes in the reverse conformal mapping to the point with the coordinates (x, y). This formulation does not require an explicit expression implementing such a map, assuming that the image of any point of the rectangular area ( , ) may be obtained by interpolation on the grid nodes.
x,y , Fig. 2 Transition to the parametric computational domain -a rectangle.
We define a mapping analytical function as solutions of boundary value problems for the Laplace equation in the form of a numerical calculation of harmonic functions that make up its real and imaginary components.
Suppose that the desired map region Z 1 Z 4 Z 2 Z 3 plane coordinates (x, y) on the rectangle (a, d), (b, d), (a, c), (b, c) ( Fig. 2) coordinates , is implemented by the functions y x, y x, . Solve the following boundary value problems: a) for the imaginary component of the mapping function ( 1) where: 1 and 2 -ordinates of the rectangle in the parametric region -Laplace operator: The value of the abscissa the left side of the rectangle can also be set arbitrarily, the preferences of the problem being solved.
The boundary problem (1) - (2) are solved software package, designed for both work in the systems of numerical modeling of processes in two-dimensional (flat and with axial symmetry) range and autonomously. Components of the mapping function sought by solving the boundary value problems (1) - (2) by the Finite Element Method [12, 13, 14] . In particular, by means of the software package the following tasks:
finding images of the points (x, y) the physical plane, passing under the mapping in a given grid , on a parametric rectangle; finding images of points , given grid on parametric rectangle on the physical plane (x, y); calculation of partial derivatives and Lame coefficients at these points.
In developed using this approach, the software package is solved full system Navier-Stokes equations, supplemented by supplemented rheological equation , regarding the pressure, density, velocity and temperature in the flow of the fuel mixture (channel with the spray nozzle hole). This allows to obtain the distribution of pressures, temperatures and flow rates at any point in the region , without limit its geometry, boundary conditions (friction, adhesion) and in a sufficiently wide range of fuel mixtures.
Results
Examples of opportunities of this method (Fig. 3-5) . The proposed method allows to directly evaluate the quality of profiling channel nozzles preliminary design without solving boundary value problems in a "viscous" approximation to the calculation of the real mass and heat transfer in the channels of the nozzles.
Evenly, without sudden expansion and contraction of the distribution of the current lines with a small change of vectors in magnitude and direction indicates a low variability of flow, "smooth" flow through the channel of the nozzle. The uneven, with areas of expansion, and contraction about the difficulties during the high hydraulic resistance of stagnant zones, possible cavitation and phase transformations boiling, the emergence and collapse of gas (cavitation) cavities. It allows preliminary assessment of the operation of the projected channel injector without a precise calculation of the flow.
The specifics of solutions of such problems is the presence of the point of rapid change in velocity of flow both in direction and magnitude. Therefore, for the calculation of the flow in such areas in the developed software package is used a number of measures, giving improved accuracy solutions. local mesh refinement of finite element at the points of rapid change solutions; the use of special types of finite element interpolation function ("singular" functions). Fig. 5 shows the flow at the maximum angle of inclination (III) from the axis of the channel spray nozzle. The uneven distribution of velocities over the cross section channels is maximum. Leaking the mixture into a sub-nozzle portion to form therein backflow is absent. High probability of cavitation in place stall. The velocity field is very fragmented, there is separation of the flow at the point of cross section channels from the current high preload effective flow. Large value inhibition with increasing flow resistance and a decrease in the flow.
Conclusions

1)
A method for the calculation of viscous flow in channels of complex shape. The efficiency of the method of conformal mappings to convert the flow region in a parametric rectangle with orthogonal grid. Demonstrate the application of the proposed method for the calculation and qualitative evaluation of various configurations of the flow channels of the cone spray.
2) The proposed method of formation of "computational domain" to solve the basic boundary value problems, an assessment of the quality grading channel nozzles. This capability is based on the hydrodynamic interpretation of analytic functions of two variables realizing the conformal mapping.
